Abstract. Green turtle hatching success and nest predation were investigated at Tortuguero, Costa Rica, during July-November 1977.
METHODS
This investigation consisted of two main parts. All nests on the 4-km study area were followed daily and studied carefully. After the young emerged, the nest contents were dug up and examined. In addition, I made longer beach surveys of 17.7 and 35.4 km to obtain a profile of predator activity for the entire nesting beach.
The daily work was coordinated with the tagging project. Each night, from 13 July to 14 September 1977, female turtles that had completed nesting were turned by students and villagers who patrolled the beach from 2000 until 0400. The next morning these turtles were tagged, measured, and released. New body pits (1-2 m in diameter) were marked with a strip of numbered flagging tape tied to a wooden stake.
Data recorded for each nest included its location and position on the beach platform (see Fig. 1 ), and the tag number of the mother turtle.
Maps were made to facilitate relocating nests, and vegetational cover was noted and described. In addition, daily rainfall records were kept for July through November. Each morning through 15 September, new nests were marked and existing nests were checked for disturbance by predators, surf, other turtles, or man. Although I marked no additional nests after 15 September, old nests were checked daily until 19 November by which time all hatchlings had emerged or been taken by predators.
In mid-November a systematic search was begun for eggs that were past their hatching date. By poking around the body pit with a thin stick, several clutches from which hatchlings had emerged unseen and a few with dead, unhatched eggs or dead hatchlings were found.
Hatchlings usually emerge at night. The following morning I determined the number of empty egg shells, unhatched eggs, and dead and living hatchlings remaining in the egg chamber. Unhatched eggs were opened and examined for signs of development. If they contained embryos, these were measured and checked for deformation. Hatchling position in the chamber column was recorded, and hatchlings were examined for deformities. Any predator disturbance at emergence was noted. Finally, if numbers of hatchlings were small, their tracks to the sea were counted.
The accuracy of the egg counts varied, depending upon the condition of the nest contents. In some nests empty shells were undamaged except for the hatchling's exit; in others, shells were torn and fragmented. To measure egg-counting accuracy I counted the shells in several emerged hatchery nests of known clutch size. My error in several trials ranged from +8 eggs in a large clutch of 164 torn eggs to +0.
Beach surveys were made every Saturday during the tagging season and, with two exceptions, each Saturday thereafter until 18 November. Fresh nests were marked with a numbered flagged stake, and vegetation, mileage, and beach position were recorded. On subsequent surveys existing marked nests were checked for predator disturbance and wave-washing, until loss or emergence of young. I made 17.7-and 35.4-km surveys on alternate weeks through 9 September. From 16 September until 18 November only 17.7-km surveys were made.
Because too much time was required to mark all fresh nests on 35.4-km surveys, only nests on the last 17.7 km were marked after 6 August. As a result, nests on the first 17.7 km of the nesting beach were checked weekly until 16 September and fresh nests were marked every other week until 6 August; nests on the last 17.7 km were checked and marked every 2 wk until 16 September.
The data collected from the study area and the beach surveys were analyzed using nonparametric statistical tests (Siegel 1956 ). The rejection level for the null hypothesis in all statistical tests was a = .05. Although complete data were unobtainable for some of the nests, they were included in the analyses whenever possible.
RESULTS

Fates of study area nests
The fates of 350 of the 450 marked study area nest sites were determined ( (Table 2 ). Hatchlings emerged from 55.7% of the 237 nests that I followed to completion of incubation (Table 3) . Animal predators destroyed 24.5%, beach erosion 16%, and human poachers 2%. These values are comparable to those obtained from the study area data (Table 1) . However, the number of beach survey nests for which fates were not determined was more than twice the number of those in the study area. Undoubtedly the less frequent checking of beach survey nests caused this discrepancy. At some time during incubation the stakes that marked 129 nests were knocked over, and on subsequent surveys these nests could not be relocated. Although 47 other nests were followed longer than the normal incubation period, they were never disturbed by predators nor were any hatchlings seen to emerge. Another 45 nests, all located on kilometres 17.7 to 35.4 were not followed to completion because 35.4-km surveys were not made after 9 September. These 221 nests with undetermined fates were omitted from all statistical analyses.
Hatching and emergence success of study area nests Undisturbed study area nests that produced young were examined thoroughly. I determined the percentage of young successfully emerging from each nest by subtracting the number of hatchlings left in the nest column from the number of empty shells and dividing this difference by the total clutch size. The sum of the number of unhatched eggs and empty shells removed from a nest was used as an approximation of total clutch size.
The mean percent emergence success for the 134 successful, undisturbed study area nests examined was 83.1%. In this calculation only nests that produced young were considered; nests with eggs that failed to hatch (5.4%, see Table 1 ) were not included. Table 4 shows an analysis of the fates of 14 272 eggs examined from the 134 undisturbed nests. A total of 11 813 eggs produced young that successfully emerged. The young from 461 eggs hatched but did not emerge, and were found in the nest column when the nests were dug up the morning following emergence. Live hatchlings found deep in the egg column, alone or in small numbers, were doomed, as they would not be able to work their way up to the surface and emerge. In addition to these "normal" young, 21 deformed hatchlings were found in 11 nests. Abnormalities of flipper and carapace were the most common deformities observed.
Another 1977 eggs (13.8% of total) were unhatched, containing embryos or being infertile. While 63.9o of the active nests contained eggs with unhatched "normal" embryos, over 92% contained infertile eggs. Deformed embryos were found in eggs in 11% of the nests. Abnormal scute patterns and embryos curled backward instead of around the yolk sac were among the common deformities. One two-headed embryo near hatching size (3.8 cm in length) was found.
To test for a relationship between emergence success and nest position on the beach, a Kruskal-Wallis one-way analysis of variance was performed on the study area data. The amount of rainfall during the incubation period and the emergence success of a nest were compared, using a Spearman rank correlation. Emergence success was not related to either nest position or amount of rainfall. Nesting turtles were classified according to nesting "age," i.e., according to the number of years since they had been tagged. Using a Mann-Whitney U test, the emergence success of 100 nests of "old" turtles (turtles tagged in 1965-1976 plus those with missing tags) was compared with the success of 212 nests of first-time nesters. There was no significant difference between the emergence success of clutches laid by these two groups. Chi-square tests were used to investigate a possible relationship between tag year and abnormalities of young or number of unhatched and infertile eggs. No significant difference between the two groups was found.
The nesting season at Tortuguero began in June and peak nesting activity occurred in early August (Fig.  2) . By late November only a few turtles were still nesting. The tagging project, and consequently this research, dealt only with turtles that nested during the middle two months of the season (13 July-14 September). Dividing these months into four consecutive 2-wk segments allowed a Kruskal-Wallis analysis of variance to be used to test for a seasonal difference in emergence success. No relationship was found between the date of nesting and emergence success.
Finally, comparisons were made between emergence success and three additional parameters. Length Nest position and incubation period were compared using a Kruskal-Wallis analysis of variance, and were found to be related (H = 11.70, df = 2, P <.01). Further comparisons (Mann-Whitney U test) showed significant differences in incubation period between nests on beach positions #1-#2 (low and mid-beach), and #4 (in vegetation) (z = -3.54, P < .001); and between nests on position #3 (at vegetation) and #4 (in vegetation) (z = -2.95, P <.01). As shown in Table 5 , low and mid-beach nests had shorter incubation periods than nests in the beach border vegetation. However, no significant difference in the length of incubation was found between nests on positions # 1-#2 and #3.
Three separate Spearman rank correlation tests were used to compare incubation period and rainfall. Nests at each beach position were analyzed separately to eliminate the effects of nest position on incubation length. No correlation was found between length of incubation and the amount of rainfall during the incubation period.
Spearman rank correlation tests, with nest position effect removed, also were used to investigate any relationship between incubation period and clutch size. Nests on positions #1-#2 and position #3 showed a correlation between incubation period and clutch size (t = 2.64, df = 30, P < .2; t = 2.22, df = 33, P < .05). At these nest positions, as clutch size increased Table 6 ). Mann-Whitney U tests then were used to determine during which 2-wk intervals of the season clutch sizes were different from one another. Only the two middle periods, 27 July-9 August and 10-23 August, had no significant difference between their average clutch sizes.
Lastly, clutch size and nest positions were tested using a Kruskal-Wallis analysis of variance, and no relationship between these two variables was found. (Table 7) . Dogs, man-introduced predators feeding mostly at night, were responsible for the greatest nest destruction. Coatis, natural, diurnal predators, destroyed far fewer nests than did dogs. An exact estimate of nest damage by coatis was not obtained in this study since they rarely ate all of the eggs in a nest. Evidence of coati disturbance was often obliterated by dogs and vultures that later ate the remaining eggs or young.
Vultures were not seen to dig up nests. They appeared to feed on what coatis and dogs left, and on young turtles that emerged during the day. Coatis feeding on eggs or young sea turtles almost always were surrounded by a ring of vultures. Vultures are efficient predators on emerging young. Headless, flipperless hatchlings strewn on the beach were found near two study area nests from which young had emerged during the daylight hours (Table 7) .
Chi-square tests were used to compare the expected and observed number of nests destroyed by predators Predation was not constant throughout the nesting season (Fig. 2) . More beach survey nests than expected were raided during the beginning (July) and end (September) of the tagging/nesting season (X2 = 13.61, df = 2, P < .01). Data from the study area showed more nests than expected destroyed during the last half of August and during September (X2 = 16.36, df = 3, P < .001).
Finally, a Kolmogorov-Smirnov one-sample test was used to see if the frequency of predation varied during the period of incubation. For this test only the 1st 6 wk of incubation in a nest were analyzed, to eliminate the facilitation of predation which occurs once the young hatch and begin moving to the surface. To minimize the effect that time of season might have on predation rate, the nests were grouped in nine cohorts (clutches laid in a 1-wk period), and these were analyzed separately. Nests laid during the 1st wk of the season were differentially preyed upon over their incubation period (D = 0.527, n = 10, P < .01). Frequency of predation was greatest during the week following initiation in this first cohort. In the remainder of the cohorts, nests were disturbed by predators equally throughout their incubation period. Analyses of entire incubation and emergence periods demonstrated that in several of the cohorts the number of destroyed nests that contained hatched young (6th-9th wk of incubation) was significantly greater than the number of newly laid nests destroyed (P < .05).
Crabs, ants, maggots, and mites feed on sea turtle eggs and young. Quantitative measure of the damages done by each was not obtained in this study. Ghost crabs, Ocypode quadrate, tunneled into at least 13 nests; in one nest, 21 eggs were eaten. The larger crabs also captured emerging young. Ants invaded 35 nests and fed on the remaining hatchlings. They also were found feeding on undeveloped and unhatched eggs. I could not tell whether the ants killed developing eggs and hatchlings, or fed only on dead and weak individuals. Maggots, larvae of the fly Megaselia scalaris, were found in great numbers in 50 rotten clutches and nests from which the young had emerged. Mites of the genus Caloglyphus were found feeding on dead hatchlings and rotten eggs in 21 nests.
Occasionally a nesting turtle digs into a previous nest site, breaking eggs as she digs. This occurred in five instances on the study area. These turtle-disturbed nests did not produce young; they were invaded by maggots, ants, crabs, and other predators. Natural nest losses to crabs, ants, and other turtles were minimal when compared to losses to dogs. Early in the nesting season, many nests were destroyed in the first days following their construction. As the season progressed, though visual and olfactory signs of the nests faded, nests of all ages were destroyed in more equal proportions. Once nests began to reach hatching age, however, they were apparently preferred by predators. Whether this apparent preference is related to the ease of finding a nest is not known.
Vultures are opportunistic predators on sea turtle eggs and hatchlings, and are particularly destructive of young that emerge during the day. The temperaturesensitive mechanism whereby most hatchlings emerge during the dark hours no doubt has great survival value (Hendrickson 1958 Crab destruction was not monitored carefully at Tortuguero, as this would have required excavation of nests before the hatchlings emerged and would have affected the primary research. Crab burrows were found in at least 13 nests.
The larvae of Megaselia scalaris probably feed on dead and weakened hatchlings unable to emerge. Little is known of the life history of these flies but it has been suggested that they deposit their eggs as the female turtle is laying (G. Steyskal, personal commuWInication). Ants also feed on the weakened young. In addition they chew into eggs, particularly those in vegetated areas. Egg destruction by ants has been recorded in various terrestrial and freshwater turtle species (Burger 1977) .
Turtle activity on areas of high nest density may destroy previously laid clutches. Beach erosion results in additional egg losses. Because turtle nesting in 1977 was slack and the sea was unusually calm, neither of these was an important factor during this study.
Poaching by humans also was not a major problem. The National Park guards arrested three poachers early in the season, and this seemed to discourage others.
Despite the heavy predation, approximately 50,9 of the eggs laid on Tortuguero beach produce hatchlings that reach the water. In order to maintain a stable population Ot course. a female need only produce two offspring that eventually reproduce. Estimating from past records. each female that nests on the Tortuguero beach lays several thousand eggs, perhaps as many as 10O()( or more. during her reproductive lifetime. Offshore predation on hatchlings by sharks and other predatory fishes, and by predatory birds such as frigate birds and gulls, obviously must be very heavy. Thus predation by dogs may have only a minor effect on turtle recruitment. In fact, dogs may now simply be taking some of the hatchlings that have historically been taken by offshore predators. In order to fully understand the population dynamics of the green turtle the extent of predation on hatchlings and yearlings needs further investigation.
